The conjunctival epithelium is a stratified, non-keratinized epithelium containing goblet epithelial cells. It can be distinguished by the corneal epithelium by the expression of different cytokeratins, mucins and by the presence of glycocalix (Meller et al., 2002) . In the human conjunctiva, goblet cells secreting gel-forming mucins, can occur singly or in greater numbers lining epithelial infoldings or crypts (Shatos et al., 2003) . Decrease or loss of mucin/ glycocalix production (Paladino et al., 2004; Pflugfelder et al., 1997) generate squamous metaplasia, which may lead to dry eye and ocular surface diseases. In the conjunctiva, putative epithelial stem cells are concentrated mainly in the fornix region, but can be found also along the whole inner epithelium layer (Lavker et al., 1998) . Conjunctival epithelial precursor cells are bipotent cells giving rise to either goblet and non-goblet keratinocytes and good candidate to be conjunctival stem/precursor cells (Wei et al., 1997; Pellegrini et al., 1999) . Conjunctival epithelial stem/precursor cells can be maintained and expanded ex vivo, if cultivated upon appropriate matrix components, on which both goblet and Int. J. Dev. Biol. 51: 739-743 (2007) doi: 10.1387/ijdb.062198ar non-goblet keratinocytes could be expanded (Santos et al., 2005; Connon et al., 2006) .
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T0
p63 expression (Fig. 1A) was exclusively confined to the nucleus of cells of the basal layer of the conjunctiva. 5% ± 2.2 % of basal epithelial cells were cycling, (positive immunostaining for Ki-67, Fig. 1B ). CK-13/CK-10 were detected on the whole conjunctival epithelium, highly expressed in the cytoplasm of basal/ parabasal cells and gradually less in the upper layers (Fig. 1C) . In contrast, CK-19 was never expressed in the basal/parabasal layers (Fig. 1D ). CK-3 was never detected in the conjunctival epithelium (not shown). A small number of scattered goblet cells was detected in the more superficial epithelial layers of the epithelium (asterisk, Fig. 1C ). Vimentin was expressed in endothelial and dispersed subepithelial stromal cells (Fig. 1E) and CD45 within the stroma in interlamellar monocyte/dendritic-like cells infiltrating the epithelium (Fig. 1F) . Nestin was detected in the basal/parabasal layer of the epithelium (Fig. 1P ). CD117 was never expressed at any culture time (not shown).
T1
The most superficial epithelial cell layers had detached, while the remaining epithelium was reduced to a mono/bi-layer. Epithelial precursor cells which had remained, selectively expressed p63 and CK-13/CK-10 (Figs. 1G and 1H). Basal cells never expressed CK-19 (Fig. 1I ). Cycling cells (Ki-67 + ) were 15% ± 3% of these cells in the explants.
T2
Conjunctival epithelium appeared to have reconstituted a nonkeratinized squamous epithelium (3-5 layers) lining over the whole external surface of the fragment. Basal/parabasal layers contained a prominence of p63 positive cells ( Fig. 1J ) with a proportion of 10% ± 1.25 % cycling cells (Ki-67 + ) (Fig. 1K ). The cells of the new epithelium expressed CK-13/CK-10 ( Fig. 1L ) with only a small proportion of more superficial cells expressing CK-19 (Fig. 1M) . A very small number of goblet cells (<1%) was also detected in the more superficial epithelial layers of the new epithelium. This new epithelium showed the tendency of infiltrating into the underlying sponge with cells that were stained for p63 and both CK-13/CK-10 and CK-19 (see inserts of Fig. 1J , Fig. 1L and Fig. 1M ). Vimentin and CD45 positive cells were present within small capillary structures and dispersed within the conjunctival stroma. The presence of a small fraction of interlamellar leukocytes phenotypically resembling monocyte/dendritic-like cells was detected infiltrating the new epithelium ( Fig. 1N and Fig. 1O ).
Nestin-staining remained positive in the basal and parabasal layers of the epithelium.
In the sponge approximately 70% of cells expressed nestin. In addition, both at T0 and at T2, in the stroma several mesenchymal-like cells were positive for nestin immunoreactivity ( Fig.1 P  and Fig 1Q) .
At T0d, as well as at T1 (not shown) and T2, a limited fraction of apoptotic cells was equally detected (<1%) (Fig. 1R and Fig. 1S respectively), within the epithelium and the stroma, demonstrating that the conjunctival epithelium and stromal elements were well preserved in vivo as well as in prolonged 3D-organotypic culture
Isolation and expansion of epithelial basal stem/precursor cells in co-culture with murine NIH.3T3 fibroblasts as a feeder layer
Only a small fraction of epithelial cells isolated directly from the conjunctival explant by enzymatic digestion (< 0.1% of the cells) became adherent and could initiate colonies, forming mosaics of enlarging clusters of tightly adherent polygonal cells. After each passage only a limited proportion of adherent cells (about 1%) formed enlarging colonies with high self-replication efficiency. These cells could be further sub-cultivated by division at subconfluence for at least 2-4 passages. The presence of post-mitotic murine fibroblasts as a source of feeder cells markedly enhanced the survival and self-renewal of these epithelial cell subsets. In the absence of the feeder layer, once the primary cells had reached saturation density and were divided for further expansion, very few of them became adherent generating in general aborted colonies. These self-replicating epithelial cells showed expression of p63 (>70% positive) (Fig. 1T) and nestin (not shown), CK-13/CK-10 (>60% positive) (Fig. 1U) , CK-19 (>90% positive) (Fig. 1V ) and were constantly CK-3 negative (Fig. 1W) . Ki-67 were rare (< 2.5% positive) and PAS-positive goblet cells were never detected in these late cultures.
In addition, these cells expressed CD133 mRNA, as detected by RT-PCR analysis (Fig. 1X) . Negative controls included murine NIH.3T3 fibroblasts and primary cultured human corneal fibroblasts (the latter not shown).
These findings thus demonstrated a selected expansion of an enriched and rather homogeneous subset of conjunctival epithelial precursor cells with phenotypic characteristics of basal epithelial cells. Contamination of corneal epithelial elements was excluded by no expression of CK-3 by the conjunctival epithelial cells, in line with previous reports (Joseph et al., 2004 , Papini et al., 2005 . Probably in response to the culture conditions, all samples from different donors revealed that early in culture the most superficial levels sharply detached, including the positive CK-19 and less intensively positive CK13/CK-10 cells and goblet cells which were all released in the medium, while the inner basal and part of the parabasal cell compartment containing p63 and nestin positive cells remained stably anchored to the submucosa. At T2, the new epithelium appeared slightly different from the one observed at T0. It was probably generated from the basal and parabasal keratinocyte precursor cells that remained attached to the fragment at T1. These cells were rapidly adapting to the culture conditions entering into an active proliferative phase (judging by the increasing Ki-67 staining and constantly low apoptotic cells), as reported in general in squamous epithelia maintained in similar cultures (Michelini et al., 2004; Papini et al., 2005) . The basal precursor cells of the conjunctival epithelium kept for at least 2 weeks in culture within their natural environment, seem to have a less complex structure with simple patterns that generate a single phenotypic lineage and apparently have more autonomy with less dependence in extraepithelial influences for their pattering and survival. Consistent with previous observations (O 'Connell et al., 2001) , we detected no direct relation between p63 expression and cell cycle activity in cultured immature conjunctival basal epithelial cells.
Interestingly, conjunctival epithelial cells were able to migrate and line over the fragment's surface while maintaining their posi-tion as a lining sheet of cells that differentiate and maintain tissue structure and function.
The presence of fibroblasts as feeder cells markedly enhanced the prolonged survival and self-renewal capacity of these cells, thus demonstrating the requirement of an exogenous suitable micro-environmental niche for epithelial conjunctival stem/precursor cells.
The conjunctiva normally contains in vivo all the components of the myeloid and tertiary lymphoid compartment, which are fundamental for immune defense of the ocular surface (Yamagami et al., 2005) . In our present study, at T0 bloodderived monocyte/dendritic-like cells (judging from the morphology of CD45 + cells) were present close to the basal lamina in the underlying stroma and infiltrating within the multilayered epithelium of the conjunctiva. At T1, when the upper epithelium detached, these cells were almost completely absent in the left epithelium, while their presence was still consistent in the underlying stroma. At T2, monocytes/dendritic-like cells were found again infiltrating the newly reconstituted epithelium, suggesting that their precursors had remained within the capillaries and maintained their capacity to migrate. The method offers important advantages, such as monitoring inducing factors or drugs affecting subpopulations of resident leukocytes within the conjunctiva, or determining how monocyte/dendritic-like cells can be induced to migrate and differentiate into the intraepithelial compartment.
Experimental Procedures

Human conjunctival tissue
Six human conjunctival explants were obtained from the Corneal Tissue and Cell Bank of Tuscany, Center "P. Perelli", Lucca, Italy. The tissue explants were maintained in EUSOL-C (Graft TEC, Alchimia Transplant s.r.l., Padova, Italy, cat. N° REF-10040) for 2-4 days at 4°C to avoid contamination before being processed.
Cultures
Tissue fragments and dispersed epithelial cells were maintained in EpiLife medium as described in Papini et al., 2005 .
3D-organotypic cultures on gelatin sponges
The method was adapted from Chishima et al. (1997) with modifications (Papini et al., 2005) .
Isolation and expansion of epithelial basal stem/precursor cells in co-culture with feeder NIH.3T3 fibroblasts
Prior to culture conjunctival fragments were treated as described in Papini et al., 2005 .
Histology and immunohistochemistry
At each given pre-determined time interval (i.e. at T0, T1 and T2) of culture, tissue fragments were embedded in paraffin and sections (<5 µm of thickness) were stained with Gill's hematoxylin (Bio-optica, Milan, Italy,) and eosin (Eosin Y Sigma-Aldrich). PAS-staining was used for goblet detection (Pellegrini et al., 1999) . Preliminary experiments performed using monoclonal antibody MUC5AC (Santa Cruz biotechnology, Santa Cruz, CA, U.S.A.) demonstrated the same targeting as the PAS reaction, as previously reported. Table 1 reports each antibody used, antigens detected, antibody specificity, antibodies's clones for monoclonal antibodies, source and references. Cells grown in monolayer on glass culture-chamber slides were first fixed for 6 min in absolute ethanol and then stained with antibodies. Immunohistochemistry was performed on sections using Dako Envision+TM System HRP (DakoCytomation, Carpinteria, CA, USA). Ki-67 (clone MIB-1) was revealed by polyclonal rabbit IgG conjugated with FITC (DakoCytomation). In order to measure cell apoptosis, tunel technology was performed by using In Situ Cell Death Detection Kit (Roche, Penzberg, Germany) and the detection of the DNA strand break was performed by fluorescent microscopy. Percentage of positive cells was evaluated after counting 500 cells in at least 3 different sections. All samples stained by immunofluorescence were counterstained by D.A.P.I. (Sigma-Aldrich).
RT-PCR analysis for CD133 expression
Total RNA was extracted from conjunctival epithelial cells according to the protocol of the manufacturer (QIAamp RNA Mini Kit, Qiagen GmbH, Hilden, Germany). Human cDNA CD133 (GenBank accession n°A FO27208) was amplified (forward primers 5'CAGTCTGACCAGCGTGAAAA3' and reverse primers 5'TTCCATCCGGGTCTGTCCTAA3'), using Taq Platinum (Invitrogen, Merelbenke, Belgium). RT-PCR was performed following the protocol of the manufacturer (ImProm-II TM Reverse Transcription System, Promega Madison, WI, U.S.A.) obtaining a cDNA sequence of 181 bp. 
